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Under contract with The Nature Conservancy (TNC), fish and aquatic vegetation 
monitoring (2007-present) was conducted on Thompson and Flag lakes of the Emiquon Preserve 
by the Illinois Natural History Survey, Illinois River Biological Station (INHS-IRBS) in order to 
evaluate a series of key ecological attributes (KEA) relevant to restoration success. This report 
presents a summary of data collected from 2007-2018. The findings, conclusions, and views 
expressed herein are those of the researchers and should not be considered as the official position 
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Since 2007, The Emiquon Preserve (Emiquon) has been monitored using Key Ecological 
Attributes (KEA) to determine the success of restoration on the vegetation and fish communities. 
The indicators outlined in the KEA’s are used to determine if the desired ranges are being met to 
provide an overall healthy ecosystem. From 2016-2018, Emiquon experienced fluctuating stages 
of water level management and in 2018, water reduction occurred during most of the sampling 
season and during the peak of the growing season (July/August). The impacts of the drawdown 
on flora and fauna are still being evaluated as restoration efforts continue in the future. Emiquon 
continues to maintain a robust population of fish, maintaining a dominance of primarily native 
fish over time (98%). Additionally, native submersed aquatic vegetation (SAV) abundance and 
richness continue to be the dominant macrophyte communities.  Submersed aquatic vegetation 
species diversity has remained stable and native species dominate the community composition. 
However, the abundance of non-native eurasian watermilfoil (Myriophyllum spicatum) has 
increased until 2018, when water levels were reduced over the growing period. This drawdown 
reduced abundance and composition of native SAV present but also reduced the detections of 
non-native eurasian watermilfoil. 
 The number of fish species found continues to grow and the number and biomass of 
native species remains above the desired range. Largemouth bass (Micropterus salmoides) 
abundance threshold greater than 100 fish/hr wasn’t attained in most years; however, Emiquon 
remains a popular destination for anglers. Although the goal of 100 fish/hr has not been achieved 
in most years, the random and fixed site design of the U.S. Army Corps of Engineers’ Upper 
Mississippi River Restoration (UMRR) Program’s Long-Term Resource Monitoring element 
(LTRM) does not target sites based on habitat that would possibly increase catch rates of 
largemouth bass, thus preventing this goal from being achieved.  The native fish population 
dominates in both abundance and composition. The success of adult fish and presence of young-
of-year (YOY) fish indicate Emiquon is providing abundant spawning, nursery, and over-
wintering habitat for fish. Several species (~12 of 32)of stocked fish have not been detected since 




connection to the Illinois River in 2013 likely introduced several riverine fish including species 
initially stocked but not detected until after being inundated.  
Water clarity decreased over the last 12 years. Secchi disc transparency (Fig 24) has 
decreased since 2009, dropped substantially in 2012 (drought year) and 2018 (which mimicked a 
drought year due to drawdown), and conductivity increased (Fig 23). Dissolved oxygen levels 
throughout the seasons are within their respective ranges (Tables 2, 3, & 4).  Anecdotally, in 
2016, it was common to find softball size and larger bryozoan communities; however, in 2018 
they were largely absent except for small communities observed on vegetation samples. The 
presence of bryozoans often indicates good water quality. 
Detailed conclusions: 
Vegetation Indicators: 
 KEA’s for SAV assess underwater irradiance, hydrology, and community composition;  
but only hydrology and community composition were measured for emergent/floating leaved 
vegetation.  
- Excluding 2013, Secchi disc transparency has been slowly declining since 2007. Despite 
the decline, Secchi disc transparency goal was met 50% of the time or greater except in 
2012 and 2018. The 2018 field season experienced a rapid decline in water levels in early 
spring/late summer compared to the drawdowns in 2016 and 2017, which were drawn 
down in late summer/early fall. Secchi disc transparency met the desired range only 21% 
of the time from June-August and 42% overall in 2018. A natural drought occurred in 
2012 and Secchi disc transparency was only met 26% of the time from June-August and 
27% of the time overall.  
- Throughout the years, water levels rose less than 25% of the time in a given year and did 
not exceed 1 m total during the peak of the growing season but has fallen outside the 
desired goal of less than 1 m rise during 2008, 2010, 2015, 2017, and 2018. 
- Community composition of SAV met the desired range of <10% non-native species in 
2008, 2009, and 2018. Since implementing the box sampler in 2016, the goal was only 
met in 2018, when a seasonal drawdown occurred.  Non-native eurasian watermilfoil 
only comprised 7% of the biomass collected. The reduction of water at Emiquon in 2018 




by dewatering much of the SAV beds during the peak of the growing season. Coontail 
(Ceratophyllum demersum) dominated the percentage of SAV collected.  
-  No non-native emergent, non-rooted floating-leaved, and rooted floating-leaved aquatic 
vegetation were observed. 
Fish Indicators: 
 KEA’s established for fish populations assess the fish community assemblage and 
composition as well as spawning, nursery, feeding, and overwintering success at Emiquon. 
- Three new species of fish were detected in 2018: brook silverside (Labidesthes sicculus), 
smallmouth buffalo (Ictiobus bubalus), and white bass (Morone chrysops). During 
electrofishing, two silver carp (Hypophthalmichthys molitrix) were collected and 85 
common carp (Cyprinus carpio) were captured and removed from the population. Since 
2007, the number of native species sampled in a single year has not met the goal of 25 or 
more, however 34 species have been collected cumulatively since 2007. 
- The number of native fish and their biomass comprise 99% of the total number of fish, 
77.5% of the biomass collected at random sites, 99.8% of the number of fish, and 90.1% 
of the biomass at fixed sites in 2018. Non-native species composition has remained 
below 2% and biomass below 25% in all years.  
- Native predatory fish populations (catch-per-unit-effort (CPUE)) of largemouth bass was 
< 50 fish/hr. in 2018, which is considered a poor CPUE. Catch per unit effort of 
largemouth bass has been variable, but consistently below the desired range even though 
it is a high-quality largemouth bass fishery. Bowfin (Amia calva) and gar species (i.e. 
spotted gar (Lepisosteus oculatus), shortnose gar (Lepisosteus platostomus) and longnose 
gar (Lepisosteus osseus)) have been present in all years.  
- Dissolved oxygen level yearly averages have consistently been above the  minimum 
levels required by fish during spawning (>5 ppm) in all years.  
- Although large woody debris is minimal, shading is often provided by abundant 
submersed aquatic vegetation and although not quantified, emergent vegetation is 
present at Emiquon. Enhancements could be made to produce a more diverse shoreline 
such as shade, fallen trees, open areas, and submerged plants. Fallen trees and shading 
from trees have been absent in many areas especially in high water years where ditches 




- Water was released through the water management structure (WMS) by gravity flow in 
2016 from late April (on and off) until late November for a period of 58 days, then again 
in 2017 from mid-August (on and off) until early October for a period of 50 days. 
Screens were utilized in the culverts that potentially prevented large-bodied fish 
movement through the structure, however it would be possible for movements into the 
culvert when screens were removed to clean/remove debris. Due to high water in the 
Illinois River during the desired drawdown time frame, water was pumped from mid-
May to mid-July in 2018 for a total of 55 days. The use of screens, high flow rates, or 
pumping water prevented access of riverine fish to enter Emiquon for spawning and 
nursery purposes.  
- Of the three desired young-of-year (YOY) species (freshwater drum (Aplodinotus 
grunniens), goldeye (Hiodon alosoides), and bigmouth buffalo (Ictiobus cyprinellus)), 
only freshwater drum and bigmouth buffalo have been collected. In 2018, over 300 
unidentified Catostomidae were collected.  In addition to bigmouth buffalo, smallmouth 
buffalo and black buffalo (Ictiobus niger) have also been collected in the last three years. 
Although not collected during standardized sampling methods, one adult paddlefish 
(Polyodon spathula) was collected (missing its rostrum) using trammels nets in 
December 2018 and one was observed, but not collected, in March 2019 while assessing 
2018 overwintering KEA’s.  
- Native fish were the dominant catch across all years, consisting of over 97.9% of catches 
over the last 12 years and non-native YOY fish consisting of less than 1% in all years 
except in 2011, where non-native YOY catches were 2.1%.   
- Relative weights for largemouth bass have shown a decline over time and dropped below 
the desired range in 2018. Other selected species have also shown a downward trend 
over time but are within the desired range of the KEA. 
- Aquatic vegetation in littoral areas has consistently remained above the desired range of 
25-40% at fish sampling sites, we still consider this KEA goal as being met since it 
provides shallow water habitat. 
- Overwintering conditions were sporadically measured over the 12 years. Percent of deep 
(oxygen rich) water was measured/met in 2011, 2013-2015, and 2018. Water temperature 




measured/met in 2013-2015 and 2018. Concentration of native fish was measured in 
2013 and 2015, but the goal of > 1500 individuals/hr has never been met. Also, the goal 
of > 5 species has been met.  
- Secondary production delivered to the river has never been quantified, but likely 




 Historically, the backwaters that make up the Emiquon Preserve (Emiquon), Thompson 
and Flag Lake, were among the most productive backwater lakes in the Illinois River Valley 
(IRV). They were disconnected from the Illinois River and reduced to agricultural drainage 
ditches by 1924. They remained drained and in continuous agricultural production, becoming 
one of the largest farms in Illinois until 2006. The Nature Conservancy (TNC) initially purchased 
the Wilder property in 2000 but this area was still farmed until 2006 before aquatic restoration 
began the following year. As part of the restoration, the surrounding levees were left in place, but 
the drainage of accumulating water was discontinued and the drainage ditches were treated with 
rotenone to eliminate any non-native common carp (Cyprinus carpio) that were residing in the 
ditches. The Preserve was allowed to naturally fill through precipitation and >30 native fish 
species were stocked by Illinois Department of Natural Resources (IDNR) based on historical 
records of both lakes (VanMiddlesworth et al. 2016, Havera et al. 2003). The staff of the Illinois 
Natural History Survey’s, Illinois River Biological Station has been monitoring the submerged 
aquatic vegetation (SAV) and fish assemblages from 2007 to the present. The data collected is 
used to evaluate Key Ecological Attributes (KEAs) of restoration success. The 19 KEA’s 
assessed in this report were developed in 2004 and revised in 2006 by the Emiquon Science 
Advisory Council (i.e. The Nature Conservancy and partners) to serve as a management tool for 
the Emiquon restoration. The knowledge gained may aid in future management efforts at 









Submersed Aquatic Vegetation  
Aquatic vegetation samples were collected between July and August, at the peak of the 
growing season. Random sites were selected throughout Thompson and Flag lakes aquatic bed 
communities using cover mapping data collected by the Forbes Biological Station. Cover 
mapping data was developed from the aquatic vegetation community survey conducted from 
each previous year. A visual assessment was conducted in a 1 m² area and a sub-sample was 
collected within the area using a box sampler that measures 29 x 32 x 45 cm with a volume of 
41,760 cm3 sampled. Samples were collected, placed in a Ziploc style bag, returned to the 
laboratory, and frozen. In the laboratory, the micro- and macro- invertebrates and seeds were 
rinsed off, each vegetation sample was then sorted and identified to species. Each species within 
a sample was placed in a weigh boat and weighed to obtain a wet weight. The weigh boat was 
then placed in a drying oven for 16-48 hours at ≥ 60 °C and weighed again to obtain dry weight.  
Fish Monitoring  
Monthly fish sampling is conducted from April to October annually using a multiple gear 
approach at random and fixed sites. Sampling gear types include: pulsed-DC electrofishing (15 
minutes of effort per site, ~200 m), fyke netting (~24 hours each), and mini-fyke netting (~24 
hours each) at shoreline or pseudo-shoreline (used for shoreline gear) sites. Fixed sites were 
located on east side of Thompson Lake for the fyke and mini-fyke nets with the electrofishing 
site located in the pumphouse ditch between Thompson and Flag Lake. Other sampling sites 
were selected randomly within Thompson Lake and all gears were fished according to the U.S. 
Army Corps of Engineers’ Upper Mississippi River Restoration (UMRR) Program’s Long-Term 
Resource Monitoring element (LTRM) fish monitoring protocols found in Ratcliff et al. (2014). 
Sampling Effort (2007-2018) 
 
Submersed Aquatic Vegetation 
Vegetation samples from 2016-2018 were collected using the box sampler method to 
obtain an accurate measurement of biomass. In 2018, Emiquon underwent a drawdown that 




with the exception of coontail. The submersed aquatic vegetation site locations that were selected 
using the 2017 cover mapping data were not within the aquatic beds in August. Adjustments 
were made to move sites to where the aquatic beds would potentially be located for the 2018 
cover mapping. Sites that were not accessible due to being dry were relocated into the aquatic 
bed as close as possible to the original site. In September 2016, samples (n=20) were collected 
late in the growing season, while samples in 2017 (n=30) and 2018 (n=25) were collected in 
August at the peak of the growing season. A visual estimation was made in a 1 m² area, then a 
subsample was collected using a box sampler. The subsamples were returned to the laboratory 
and stored until processed. Processing the subsamples required sorting aquatic vegetation by 
species, obtaining a wet weight, and drying subsample in an oven before obtaining a dry weight. 
Samples were identified to species, except for unknown species that consisted of stems or pieces 
From 2010-2015, submersed aquatic vegetation density was estimated by percent 
coverage on a vegetation rake, while emergent, non-rooted floating-leaved, and rooted floating-
leaved aquatic vegetation density was estimated by percent cover observed within a 2 m 
perimeter around the boat. All aquatic vegetation data were collected according to LTRM aquatic 
vegetation monitoring protocols of Yin et al. (2000). Aquatic vegetation was sampled from May-
September at both Thompson and Flag lakes, which were sampled as one water body, but 
spatially stratified into north, middle, and south units. The number of sites sampled per unit was 
proportional to the surface area of each unit and was determined monthly. Sampling was 
conducted at 30 random sites each month during May, June, and September, but at 60 random 
sites each month in July and August, during the peak of the growing season.   
During 2008-2009, aquatic vegetation was monitored using random littoral (<15 m from 
the shoreline) and pelagic (>15 m from the shoreline) areas at Thompson Lake. Sampling was 
conducted monthly at five random littoral and pelagic sites each during April-October and at 20 
random littoral and pelagic sites each in July during the peak of the growing season. 
Additionally, three east/west fixed site transects were sampled monthly at seven locations along 
each transect for SAV vegetation from May-October. Full-scale aquatic vegetation monitoring 
was not conducted in 2007 to reduce disturbance caused by boat and plant collections and to 
allow establishment of SAV during the first year of restoration. However, it should be noted that 





Monthly sampling occurred from April-October from 2009- 2018 using a multiple gear 
approach at random and fixed sites. Effort for each year included: 28 electrofishing runs (15 
minutes of effort per site, ~200 m), 28 fyke net sets (~24 hours each), and 28 mini-fyke net sets 
(~24 hours each) at shoreline or pseudo-shoreline (used for shoreline gear) sites for the sampling 
season.  In 2016, sampling was limited to July through October due to staff turnover, but the 
monthly effort and methods were the same as annual effort between 2009 and 2018. All gears 
were fished according to the LTRM fish monitoring protocols of Ratcliff et al. (2014). 
Seven tandem fyke net sets (~24 hours each) and seven tandem mini-fyke net sets (~24 
hours each) were deployed at open water (pelagic) sites from 2009-2015 until use was 
discontinued due to high mortality of sportfish. Minnow traps were discontinued in 2009 because 
they were less effective than mini-fyke nets. These gears were stratified to give a balanced 
assessment of the major habitats (shoreline, open water, and ditch).  
Fish sampling in 2007 and 2008 differed due to water surface elevation at Emiquon. For 
instance, in 2007, sampling was conducted July-November (excluding September) using a 
multiple gear approach at fixed sites including: nine pulsed-DC electrofishing runs (15 minutes 
each), 12 fyke net sets (~24 hours each), 12 mini-fyke net sets (~24 hours each), and 25 minnow 
trap sets (~24 hours each) at shoreline or pseudo-shoreline (used for shoreline gear) sites. Also, 
two tandem fyke net sets (~24 hours each), two tandem mini-fyke net sets (~24 hours each), one 
trammel net set (1.5 hours) and one experimental gill net set (1.5 hours) were deployed at open 
water (pelagic) sites. By comparison, sampling in 2008 was conducted April-October at 
Thompson Lake using a multiple gear approach at random and fixed sites including: 28 
electrofishing runs (15 minutes each), 28 fyke net sets (~24 hours each), 28 mini-fyke net sets 
(~24 hours each), and 25 monthly minnow trap sets (~24 hours each) at shoreline or pseudo-
shoreline (used for shoreline gear) sites. Seven tandem fyke net sets (~24 hours each) and seven 
tandem mini-fyke net sets (~24 hours each) were deployed at open water (pelagic) sites. Flag 
Lake was also sampled with two electrofishing runs (15 minutes each). Gill and trammel nets 






Key Ecological Attributes (KEAs) Results for Submersed 
Aquatic Vegetation 
 
KEA 1:  Underwater Irradiance 
Indicator:  Secchi disc transparency 
Desired Range:  In submersed aquatic vegetation target areas, where water depth is ≤1.5 m, 
Secchi disc reading should be ≥ half the maximum water depth during late spring/early summer 
Goal Met:  
Met: 2007-2011, 2013-2015, and 2017 
Not met: 2012, 2018 
Not measured: 2016 
Notes: 
Due to the lower number of vegetation samples collected using the box sampler (n<30) and 
variability of depths that didn’t allow for water quality parameters to be collected, data collected 
from fish sample sites were used to calculate underwater irradiance.  
- Secchi disc transparency met the desired KEA range nearly all years (> 50% of the time) 
from June – August (Fig 1) except in 2012 when a seasonal drought occurred and in 2018 
where water level management reduced water levels to 428.5 ft above sea level. Over the 
entire sampling season (April-October) the desired range was met in eight of the twelve 
years (Fig 2). 
- It should be noted that Secchi transparency exceeded the desired KEA in all years except 
when a natural and artificial drawdown occurred. It would be important to consider this 
drop-in water clarity as a side effect of any future management action that would reduce 
water levels.   
- Analysis of water quality (i.e. water temperature (Table 2, 3, & 4), dissolved oxygen 
(Table 2, 3, & 4), depth (Table 2, 3, & 4), and Secchi disc transparency (Table 2, 3, & 4)) 






Figure 1. Percentage of time Secchi disc transparency met the desired KEA range at fish sampling sites from June-August at 
Emiquon. Transparency decreased during periods of low water, a natural drought in 2012 and a mimic drought in 2018. 
 
 
Figure 2. Percentage of time Secchi disc transparency met the desired range at fish sampling sites over the entire sampling 





KEA 2:  Hydrology 
Indicator:  Water depth 
Desired Range:  Rate of water rise should not exceed 1.5 cm/day during the growing season 
(May-September); water level fluctuations (rise) should not exceed 1 m total (May-September) 
Goal Met:  
Met: 2007-2018 
Not met: 
Not measured:  
Notes: 
Daily water gauge data were collected and provided by The Nature Conservancy from the 
Emiquon pumphouse.   
- Excluding days when no data was collected or that were not within time period (May-
September), the water level rose less than 1.5 cm/day no more that 25% of the time 
during a given year (Fig 3) and the water level did not exceed 1 m except in 2008, 2010, 
and 2015 (Fig 4.1). Water levels have exceeded 1 m change in water levels (Fig 4.1 & 







 Figure 3. Percentage of time that the water level rose at the Emiquon more than 1.5 cm per day, this percentage only exceeded 
20% in 2009 and 2015.  
 
 
Figure 4.1. Monthly change of water levels from May to September using water gage data at  Emiquon .  Indicator represents the 






Figure 4.2. Average water level during three years of water level management at Emiquon.  In 2018, water levels were reduced 
over the growing period (May-September) which had greater impact on the amount of submersed aquatic vegetation that was 
present during sampling. 
 
KEA 3:  Community Composition 
Indicator:  Percent natives vs. invasive 
Desired Range:  ≤10% exotics, e.g., eurasian watermilfoil Myriophyllum spicatum, curly-leaf 
pondweed Potamogeton crispus 
Goal Met:  
Met: 2008, 2009, 2018  
Not met: 2010- 2017 
Not measured: 2007 
Notes: 
Vegetation samples were collected during the peak of the growing season (July & August) using 
the box sampler method from 2016-2018. Samples were collected in August, except in 2016 
when samples were collected in September. Prior to the change in sampling gears, vegetation 
samples were collected using the LTRM Aquatic Vegetation Monitoring rake method. Using this 




when 60 sites were sampled. Community composition percentage of native verses non-native 
species (invasive) was determined by percent abundance of each species on the rake head.  
- Non-native species percent abundance has been higher than  the desired range of ≤ 10% 
goal and was not met from 2010-2017 (Fig 5 & 7). 
- During the seasonal drawdown in 2018, there was a reduction of non-native and native 
vegetation abundance, most of the samples consisted of coontail and eurasian 
watermilfoil (Fig 8).  However, native vegetation was dominant in community 
composition and abundance (Fig 6 & 8) over the years even though the non-native 
vegetation has been outside  the desired range.  
 
Figure 5. Percent abundance of submersed aquatic vegetation using the LTRM rake method from 2008-2015 at Emiquon. 







Figure 6. Percent composition of aquatic vegetation using LTRM rake method from 2008-2015 at Emiquon. Non-native eurasian 
water milfoil and curly-leaf pond weed was often was higher than the desired range (≤ 10% non-native).  
 
 
Figure 7. Percent abundance of submersed aquatic vegetation using the box sampler from 2016-2018 at Emiquon. Non-native 




water reduction in the previous two years did not occur during the growing season and did not appear to have an impact on the 
vegetation composition or abundance. 
 
 
Figure 8. Percent composition of aquatic vegetation at Emiquon determined using the box sampler. Water level management 
increased the abundance of coontail but also reduced observations of naiads and pondweeds. However, eurasian watermilfoil 
























Key Ecological Attributes (KEAs) Results for Emergent and 
Floating Leaved Plants 
 
KEA 4:  Hydrology 
Indicator:  Stable water depth 
Desired Range:  Rate of water rise does not exceed 1.5 cm/day during the growing season 
(May-September); Water level fluctuations (rise) do not exceed 1 m total (May-September) 
Goal Met:  
Met: 2007-2018 
Not met: 
Not measured:  
Notes: 
Daily water gauge data were collected by TNC from the Emiquon pump house.   
- Excluding days where no data was collected or that were not within time period (May-
September). The water level rose less than 1.5 cm/day no more that 25% of the time 
during a given year (Fig 9) and the water level did not exceed 1 m change, except in 
2008, 2010, and 2015. Water level management since 2016 had a greater occurrence of 






Figure 9. Percentage of time that the water level rose at Emiquon more than 1.5 cm per day did not exceed 20% except in 2009 




Figure 10. Mean monthly change of water levels from May to September from 2007-2018 at Emiquon. Indicator represents the 




KEA 5:  Community Composition 
Indicator:  Percent natives vs. invasive 
Desired Range:  ≥90% dominance by native species 
Goal Met:  
Met: 2008-2018 
Not met: 
Not measured: 2007 
Notes: 
Non-native emergent, non-rooted floating-leaved, and rooted floating-leaved aquatic vegetation 


































Key Ecological Attributes (KEAs) Results for Fish Assemblage 
 
KEA 6:  Fish Community Assemblage 
Indicator:  Number of native species populations 
Desired Range:  ≥25 native species represented (very good = ≥30 native species) 
Goal Met:  
Met:  
Not met: 2007-2018 
Not measured:  
Notes:  
The number of native fish species was calculated from the total catch of all fish from all gear 
types in each year.  
- Although the desired range of 25 native species has never been met in a given year, in 
2018 the highest number of native species (n=24) was collected. 
- Since 2007, a total of 34 unique native species and 3 non-native species have been 
collected (Fig 11). Furthermore, 12 new species were detected since the levee overtopped 
in 2013 (Table 5). 
- Non-native fish species captured using standardized fish method include common carp, 
silver carp and goldfish (Carassius auratus). 
- Grass carp (Ctenopharyngodon idella), bighead carp (H. nobilis), and a single paddlefish 
were also collected in 2018 during sampling efforts that were not part of standardized 
sampling efforts. A grass carp was collected using electrofishing sampling of fish 
community assemblage at the water control structure and more were collected along with 
two bighead carp and the paddlefish during trammel netting efforts to remove non-native 
species for microchemistry analysis/aging.  These three species were not included in the 
assessment of this KEA as trammel netting were not used in any previous year.  It is 
worth noting that including these fishes in the KEA would bring the total number of 





Figure 11. Fish collect at all sites (fixed and random) using all gears from 2007-2018 at Emiquon. Blue indicates native species 
and red is non-native species that consist of common carp and bigheaded carp spp. The number of fish detected annually has 
increased since restoration and although the desired range of 25 species has not been met in a single year, cumulatively a total 
of 34 native and 3 non-native species have been collected. 
 
KEA 7:  Fish Community Assemblages 
Indicator:  Number of native species populations 
Desired Range:  Native species ≥50% of number; Native species ≥50% of total biomass 
Goal Met:  
Met: 2007-2018 
Not met:  
Not measured:  
Notes:  
The abundance and biomass of native species were calculated from all fish and all gear types 
with distinction between random and fixed sites.  
- Native fish species dominated the fish community in all of the years at fixed and random 
sites (Fig 12 and 13) and native fish biomass consistently remains above the desired 
range throughout the last twelve years (Fig 14 and 15). 
- Non-native species consisted of common carp at the random sites, however fixed sites 




- Hybrid fish numbers and biomass made up less than 1%, consisting of two common carp 
x goldfish hybrid and one bluegill (Lepomis machrochirus) x pumpkinseed (Lepomis 
gibbosus) hybrid.  
 
Figure 12. Percentage of native and non-native fish collected each year at random sites at Emiquon.   
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Figure 13. Percentage of native and non-native fish collected each year at fixed sites at Emiquon.  
 
 





Figure 15. Percent biomass of native and non-native fish collected at fixed sites at Emiquon. 
 
KEA 8:  Fish Community Composition  
Indicator:  Body condition of native predatory fish population 
Desired Range:  Very good = ≥100 largemouth bass (Micropterus salmoides) CPUE while 
electrofishing and bowfin (Amia calva) present, good = 75-100 largemouth bass CPUE, fair = 
50-75 largemouth bass CPUE, poor = <50 largemouth bass CPUE  
Goal Met:  
Met: (with all types present): 2007 (very good), 2008 (good), 2009 (fair), 2010 (good), 2012 
(good), 2013 (fair), 2015 (fair) 
Not met: 2011 (poor), 2014 (poor), 2016 (poor), 2017 (poor), and 2018 (poor) 
Not measured: 
Notes: 
Largemouth bass CPUE was calculated using only day electrofishing.   
- The mean CPUE for largemouth bass was calculated at random sites and all (combined) 
sites using boat mounted pulsed DC electrofishing (Fig 16).  
- The desired range of greater than 100 fish/hr (very good) was only met in 2007, 2008, 




- The range of 75-100 fish/hr (good) was met at random sites only in 2015 and at combined 
sites in 2013, 2014, and 2017. 
- The range of 50-75 (fair) was met at random sites in 2009, 2010, and 2015 but only in 
2011 at combined sites. 
- The range of less than 50 fish/hr was observed in 2011, 2014, 2016, 2018 at random sites 
but only observed in 2016 at combined sites. 
-  The bowfin criteria, annual determination of presence or absence, was assessed from 
electrofishing data and species were present in all years.  
- Additionally, other predatory fish (i.e. bowfin and gar spp.) were also collected in every 
year (Fig 17) except 2007.  




Figure 16. Largemouth bass annual mean abundance (CPUE) at random sites (green) and fixed and random sites (black) follow 






Figure 17. Bowfin have been present in all years. Gar species include spotted, shortnose, and longnose gar.  
 
KEA 9:  Spawning piscivores  
Indicator:  Water dissolved oxygen 
Desired Range:  4 ppm oxygen (very good = ≥5 ppm and <200% saturation oxygen) 
Goal Met:  
Met: 2007-2018 
Not met: 
Not measured: <200 % Saturation oxygen not measured from 2007-2018 
Notes:  
After 2015, vegetation was collected only using the box sampler method and the number of 
sample sites was lower than the LTRM rake method, so less DO readings were taken in 2016-
2018 than in previous years. Due to the lower number of vegetation sites, fish sample sites were 
used to calculate the dissolved oxygen average. 
- Mean monthly (April-October) dissolved oxygen (DO) concentrations (ppm) collected 
from all fish sampling sites were above the desired range in all years. Percent saturation 






















KEA 10:  Spawning 
Indicator:  Substrate variability and structure (large woody debris) 
Desired Range:  Subset representing several of the following types present: diverse shoreline, 
shade, fallen trees, open areas, and submerged plants (very good = all types present) 




Notes:   
- We noted the presence of several aquatic plant beds (mostly submersed and some 
emergent) along the shoreline, but minimal shading has been provided by woody debris. 
 
KEA 11:  Spawning  
Indicator:  Frequency of April/May connection to the river 
Desired Range:  Every three years for long-lived species, more frequently for short-lived 
species (very good = annual connection) 
Goal Met:  
Met:  
Not met:  2007-2018  
Not measured:  
Notes:  
In 2016, the Water Management Structure (WMS) became operational allowing TNC to manage 
water levels inside Emiquon. Passage of undesirable/invasive species was prevented by screens 
inside the WMS that prevented fish passage between Emiquon and the Illinois River. A free-
flowing connection between Emiquon and the Illinois River has been restricted to reduce 
introducing more non-native fishes to the established population, preventing this KEA from 
being met. 
- Due to high water in the Illinois River in spring of 2018, water was pumped from the 
WMS from May 20th to July 16th. A total of 55 days of pumping occurred, releasing 




- Water was released by gravity feeding through the WMS late in the year (August-
October) and was not released during April or May of 2017. Water was released from 
August 14th to October 5th for a period of 50 days, releasing approximately 3,143,924,729 
gallons of water. 
- Gravity flowing occurred between April 28th and November 28th in 2016 for a period of 
58 days with an estimated 4,611,059,290 gallons released.  
- Emiquon was disconnected from the Illinois River during 2007-2014 except in 2013 and 
2015 when coal creek levee was overtopped by historic flood waters.  
 
KEA 12:  Nursery 
Indicator:  Accessibility for riverine fish 
Desired Range:  Presence of YOY freshwater drum, goldeye, bigmouth buffalo (very good = all 
of the above plus paddlefish Polyodon spathula) 
Goal Met:  
Met:  
Not met: 2007-2018 
Not measured: 
Notes:  
It should be noted that the Illinois River was disconnected from Emiquon until 2013 when the 
Illinois River overtopped the levee and inundated the Preserve. The species outlined in the 
desired range were not stocked and likely entered Emiquon during this flooding event since 
observations of the selected species were not seen until 2013 and beyond. Several other species 
were only detected after 2013, a likely result of the 2013 levee breach (Additional Analysis, 
Table 5). 
- Young-of-year (YOY) freshwater drum were not collected until 2015 (n=1) and then 
again in 2018 (n= 46). Only one YOY Ictiobus sp. was collected in 2018; however, 
unidentified Catostomidae (most likely Ictiobus spp.) were collect in 2013/2017 (n=3) 
and 2018 (n=333). Unidentified Ictiobus spp. are classified as an individual less than 80 





- Additionally, adult freshwater drum were collected in 2018 (n=50), 2017 (n=20), 2015 
(n=1) and 2014 (n=1). Adult bigmouth buffalo were collected in 2018 (n=2), 2017 (n=3), 
and 2014/2015 (n=1). An adult black buffalo was collected in 2017. 
- Although not collected during standardized sampling, one adult paddlefish missing its 
rostrum (~50 lbs) was collected while conducting targeted invasive species removal using 
trammel nets in December 2018 and one adult paddlefish was observed but not collected 
during 2018 overwinter sampling in March of 2019 in the pumphouse ditch. 
 
KEA 13:  Nursery 
Indicator:  Native fish larvae 
Desired Range:  Dominance of native species 
Goal Met:  
Met: 2007-2018 
Not met: 
Not measured:  
Notes: 
All fish were considered YOY if they measured less than 100 mm in length.  
- Native fish have consistently out-numbered non-native YOY captures, consisting of 
greater than 97.9% of the collections or greater, over the last 12 years. Overall the 
majority of species collected consisted of unidentified Cyprinidae, golden shiner 
(Notemigonus crysoleucas), black crappie (Pomoxis annularis), largemouth bass, 
bluegill, pumpkinseed, and gizzard shad (Dorosoma cepedianum). 
- Of the 10,997 YOY fish collected in 2018, only 9 non-native YOY common carp were 
present. Young of year common carp were collected since 2010 (Fig 25) and in 2011 a 
high number were collected (n=125) and in 2013 (n=26).  
 
KEA 14:  Feeding  
Indicator:  Presence of adults in good body condition 
Desired Range:  Mean relative weights 90-110% 






Not measured:  
Notes: 
Mean relative weight (Wr) for largemouth bass, bluegill, pumpkinseed, black crappie were 
calculated following methods outlined in the third edition of Fisheries Techniques (Neumann et 
al. 2012) and relative weights were evaluated in Program R.   
- Mean relative weight for largemouth bass has declined over time and has fallen below the 
desired range in 2018 (Fig 18).  
- Bluegill, pumpkinseed, and black crappie relative weights all are within the desired range 
(Figs 19, 20, 21). 
 
 
Figure 18. Annual mean relative weight (Wr) of largemouth bass from both random and fixed sited locations using pulsed DC 
electrofishing. Largemouth bass have declined over the years and in 2018 Wr fell below the desired range of 90-110.   Dotted 






Figure 19. Mean annual relative weight (Wr) of bluegill from both random and fixed site locations using fyke nets. Bluegill Wr’s 
have been variable over the last 12 years at Emiquon but have remained within the desired range.  Dotted brown lines indicate 





Figure 20. Mean annual relative weight (Wr) for pumpkinseed from both random and fixed site locations using fyke nets. Similar 
to bluegill but with greater variability in Wr over the 12 years of restoration at Emiquon.  Dotted brown lines indicate the KEA 







Figure 21. Mean annual relative weight (Wr) for black crappie from both random and fixed site locations using fyke nets. Over 
the last 12 years of restoration at Emiquon black crappie Wr are stable and within the desired range.  Dotted brown lines 

















KEA 15:  Feeding 
Indicator:  Distribution of abundant aquatic vegetation  
Desired Range:  25-40% of the littoral area contains abundant vegetation during July-August 
Goal Met:  
Met: 2008-2018 
Not met: 
Not measured: 2007 
Notes: 
- Aquatic vegetation presence in littoral areas have remained well above the desired range 
of 25-40% at fish sampling location in all years (Fig 22).  
 
 













KEA 16:  Over-wintering  
Indicator:  Percent of deep (oxygen rich) water 
Desired Range:  Water depth (5% >3 m, 10% 2-3 m, 25% 1-2 m, 60% <1 m); Dissolved oxygen 
(4.0-6.0 ppm at 2 m depth); Water temperature ≥1 °C (34 °F) at 2 m depth 
Goal Met:  
Met: 2011, 2013- 2015, and 2018 
Not met:  
Not measured: 2007-2010, 2012, 2016, and 2017 
Notes:  
Percent of deep water at Thompson and Flag lakes were calculated using bathymetry mapping in 
2011 and 2013-2015. Dissolved oxygen concentrations were also recorded during these years at 
fixed site locations. Sampling was not conducted from 2007-2010, 2012, and 2016-2017.  
- Overwintering sampling was conducted in February 2019 during ice on conditions at 12 
sites. Locations consisted of seven sites where depths were greater than 1 m and five sites 
where depths were less than 1 m in depth. Dissolved oxygen ranged from 10.6 to 17.8 
ppm at the 12 selected sites. All temperatures were greater than 1°C at depths greater than 
1 m (Table 1).  
- The persistence of high numbers of native fish species across years provides indirect 
evidence that fish have been over-wintering successfully at Emiquon. 
Table 1. Data collected from overwintering sites in 2018 at Emiquon. Samples were collected in February 2019 for the 2018 
sampling season and were taken during ice on conditions without snow coverage. 
Number of Measurement  
<1 m 
Number of Measurement 
>1 m 








6 16 25.5 13.9 3.3 462.4 
 
KEA 17:  Over-wintering  
Indicator:  Presence of backwater species 
Desired Range:  Water temperature ≥34 °F based on the needs of freshwater drum 
(Bodensteiner & Lewis 1992)  
Goal Met:  





Not measured:  2007-2012, 2016, and 2017 
Notes:   
This KEA was added in 2013 and is based on temperature readings at fixed site locations from 
2013-2015 during ice off conditions. In 2019, sites were selected at ditch locations where depths 
would be > 1 m and off-ditch locations where depths would be < 1 m during ice on conditions. 
Snow cover was not present during ice on conditions. 
- Average water temperature in 2019 was 38°C and at the 12 selected sites, temperature 
ranges from top to bottom of the water column remained above 34°C. 
KEA 18:  Over-wintering 
Indicator:  Concentrations of over-wintering native species 
Desired Range:  Maximum electrofishing CPUE (hot spots) for wintering native species 
exclusive of gizzard shad Dorosoma cepedianum and minnows >1500 individuals/hr and >5 
species (very good = >2000/hr)  
Goal Met:   
Met:  
Not Met: 2013, 2015, and 2018 
Not measured: 2007-2012, 2014, 2016, and 2017 
Notes: 
 
- Winter electrofishing(EF) was conducted in March 2019 for the 2018 field season. 
Accessible shoreline habitat was restricted to the pumphouse ditch where we conducted 
four EF runs over a 2-day period. A total of 274 fish were collected and 101 gizzard shad 
and 21 common carp were omitted, which reduced the number to 152 total fish. Although 
we did not collect the desired number of individuals per hour, a total of 11 species were 
collected. 
- Winter electrofishing was not conducted in 2011-2012, 2014, 2016-2017. 
- Winter electrofishing was conducted in March 2015 at fixed site locations in the 
pumphouse ditch and additional samples collected using nets at fixed sites for fyke, mini-
fyke, tandem fyke and tandem mini-fyke locations. 
- At 10, fixed site locations in the pumphouse ditch during March 2013, we collected 190 




- Winter electrofishing was not conducted in 2011 and 2012 due to ice on conditions. 
 
KEA 19:  Feeding 
Indicator:  Secondary production delivered to the river 
Desired Range:  Loading and timing of plankton, macroinvertebrates, and fish delivered to the 
river 
Goal Met:  
Met: N/A 
Not met: N/A 
Not measured: 2007-2018 
Note:  
- Although not quantified, secondary production likely occurred when the structure was 
gravity flowing in 2016-2017 and pumping in 2018 to decrease the water elevation at 
Emiquon.  
- During April and May of 2013, Emiquon and coal creek levees were overtopped during a 
historic flooding event (Illinois River reached 27.78 ft asl), which resulted in a one-way 
connection. Again, in May and July of 2015 the Illinois River reached 27.24 ft asl where 
coal creek levee overtopped and Emiquon’s pumphouse ditch levee breeched with sand 
boils.  
- Emiquon was disconnected from the Illinois River during 2007-2012. Although we did 
not quantify secondary production delivered to the Illinois River, it likely occurred when 
The Nature Conservancy pumped an estimated 204 million gallons of water to the Illinois 
River during January 5-7, 2008 and an estimated 7 billion gallons of water from February 
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Table 2.  Mean annual  water quality readings from vegetation surveys throughout the Emiquon Preserve from box sampler.  




Depth(m) Secchi(cm)  
2016 18.5 7.5 Not taken 58.9  
2017 25.8 5.9 1.15 84.3  
2018 24.2 6.4 0.14 13.2  
 
      






2007 19.22 7.54 0.96 95.81 
2008 21.27 8.11 0.98 74.30 
2009 21.06 8.13 0.90 77.32 
2010 23.28 7.91 0.71 45.76 
2011 20.52 6.91 1.28 45.43 
2012 21.20 7.57 1.27 33.60 
2013 21.63 7.24 1.11 44.74 
2014 20.51 8.21 1.09 55.19 
2015 21.89 6.81 1.38 59.11 
2016 22.05 8.58 1.59 53.85 
2017 21.89 6.76 0.69 40.46 
2018 21.50 8.69 0.56 19.51 





















Table 4. Mean annual water quality reading from fish sites where Secchi and water depth was measured. KEA 1 for 
measuring underwater irradiance requires depths to be less than 1.5 m and Secchi depth reading to be greater than half 
of the maximum water depth.  





2007 19.79 7.47 0.85 85.17 
2008 21.01 7.88 0.65 62.90 
2009 20.88 8.02 0.79 73.99 
2010 23.32 8.08 0.55 46.66 
2011 21.99 6.28 0.63 51.00 
2012 19.85 8.07 0.62 42.82 
2013 22.84 6.84 0.62 49.20 
2014 19.91 8.26 0.70 60.54 
2015 21.52 6.45 0.81 66.88 
2016 20.71 8.87 0.86 61.50 




Table 5. Species observed since 2012 (year prior to levee overtopping). Fish * are fish that were initially stocked but were not 
collected until after 2012. Other fish are new species collected. Note: In 2013 a record flood event occurred where the Illinois 


























2012    X          
2013       X  X     
2014   X  X X        
2015   X X X X        
2016              
2017 X  X X X X  X   X  X 











Figure 23. Mean annual conductivity at fish sampling sites with higher conductivity readings observed in years of drought 
conditions. Error bar are standard are of the mean value of conductivity each year. 
 
 
Figure 24. Mean annual Secchi disc transparency at fish sampling sites. A downward trend has been observed with greater 





Figure 25. Number of YOY (<100 mm) common carp collected over the last 12 years at Emiquon in mini fyke nets. 
 
 
Figure 26. Comparison of largemouth bass CPUE from pool’s 13 and 26 on the Mississippi River, La Grange reach of the 
Illinois River compared to catch rates at Emiquon. Pool 13 is also considered a high-quality fisheries. Although the goal of 100 
fish/hr isn’t achieve in most years, Emiquon has maintained a bass fishery that is comparable to pool 13 which is considered a  
high-quality bass fishing area.   
